OFrice oF FossiL ENerGY, U.S. DePARTMENT OF ENERGY ® DOE/FE-0215P-34 Issue No. 34, Spring 1999

GLEAN GOAL TODAY

ProiecT NEws BYTES

74 Rosebud SynCoal® Partner-
ship, sponsor of the Advanced Coal
Conversion Process Demonstration,
has just completed successful test-
ing of an innovative dedicated pneu-
matic feed system at M ontana Power
Company’s330- MW ColstripNo. 2
generation unit in Colstrip, Mon-
tana. The CCT project isnow able
to supply SynCoal®, its registered
trademark coal, around the clock.
SynCoa® is aso supplied to four
industrial customers. The new sys-
tem aso provides Rosebud with a
secure business well beyond the end
of the demonstration period. A flex-
ible 8-year supply contract permits
Rosebud to also build amarket for its
new product with industrial users.
The Rosebud process consists of su-
perheating integrated with physica
cleaning to upgrade high-moisture,
low-rank coals, producing afuel with
improved heating value, ash slagging
potential, and low sulfur content.
See “ News Bytes” on page 11 ...
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A NEWSLETTER ABOUT INNOVATIVE TECHNOLOGIES FOR COAL UTILIZATION

CLEAN ENERGY DEMONSTRATION
|GCC ProECT PROGRESSING

On December 1, 1998, the Acting Assistant Secretary for Fossil Energy
approved relocation of the Clean Energy Integrated Gasification Combined
Cycle (IGCC) Demonstration Project to the Grand Tower Power Station,
approximately 20 mileswest of Carbondale, Illinois. Theproject initially had
been planned for the C.P. Crane Generating Station of Baltimore Gas &
Electric Company, but was moved due to lack of a firm power purchase
agreement. The new site is owned by Central Illinois Public Service, a
subsidiary of the AMEREN Corporation based in St. Louis, Missouri. The
Clean Energy Project at Grand Tower will demonstrate scale up of the British
GadLurgi (BG/L) dagging, fixed-bed, oxygen blown gasification technol-
ogy. The Project also will include a 1.25-MWe molten carbonate fuel cell, to
be provided by Energy Research Corporation.

The Grand Tower Power Station is a mid-1950s vintage facility with 104-
MW and 82-MW pulverized coa units. The owner has the capability of
repowering each unit with a combined new capacity of approximately 477
MWe. The new repowered plant will provide for the continued use of local
Illinois Basin coasfor low cost power production. The Grand Tower Station
is located on the Mississippi River, with significant infrastructure available
for use in a future IGCC plant, as well as two existing steam turbines.

See “ Clean Energy” on page 2...

Southeast view of the 186-MW Grand Tower Plant
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...Clean Energy continued

The Clean Energy Project will
stepwise repower each unit with the
BG/L gasification technology. The
cold gas efficiency of the BG/L gas-
ifier is 91 percent, the highest of any
modern gasification technology. By
demonstrating the use of local high-
sulfur bituminous coal in this gas-
ifier, this project will significantly
expand the range of high efficiency,
coal-fueled power generationoptions
in the United States. The high heat-
ing value, hydrogen-rich coa gas
produced by the BG/L gasifierswill
be used to fuel both the gas turbines
and a 1.25-MWe molten carbonate
fuel cell. The technical aspects of
the project are shown in the accom-
panying schematic. Specificarrange-
ments and sizes of plant sections
will be determined for the Grand
Tower siteover the next two yearsas
part of normal project definition and
preliminary design activities.

The BG/L gasifier issupplied with
steam, oxygen, limestone flux, and
coas having a high-fines content.
During gasification, oxygen and
steam react with coa and limestone
to produce a raw, coa gas rich in
hydrogen and carbonmonoxide. Raw
coal gasexitingthegasifier iswashed
and cooled. Hydrogen sulfide and
other sulfur compounds are removed

and reclaimed as elementa sulfur.
Tars, oils, and dust are recycled to
the gasifier. Theresulting clean, me-
dium-Btu coal gasisused to fuel the
combustion turbine in the 1IGCC
power island; a small portion of the
clean gasis used for the fuel cell.

The fuel cell is composed of a
molten carbonate electrolyte sand-
wiched between porous anode and
cathode plates. Fuel (clean coal
syngas) and steam are continuously
fed into the anode; carbon dioxide-
enriched air is fed into the cathode.
These reactions produce a direct
current that is converted to aternat-
ing current with an inverter. Indi-
vidual cells are mechanically and
electrically arrayed into stacks, the
height of which is limited by ship-
ping constraints to about 11 feet.
The 1.25-MWe module for this
project will consist of five stacks
each with a nominal rating of 250
kW. Unlike heat enginesthat rely on
combustion, fuel cells can achieve
high efficiency energy conversion
at practical temperatures. In addi-
tion, fuel cells are inherently modu-
lar, with theability to be configured
for a wide range of power outputs.
The fuel cell’s high efficiency is
nearly independent of cells, stacks,
and plant size.
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— ADVANCED TURBINES —
BuiLbiING BLocks ofF VisioN 21

Ultra-clean, integrated energy plants, as envisioned in the U.S. Department
of Energy’s (DOE) Vision 21 concept, represent DOE's profile of energy
production well into the next century. In December 1997, the President’s
Committee of Advisors on Science and Technology endorsed the Vision 21
concept — along-range, cost-shared, government-industry-academiapart-
nership. Following the endorsement, the Office of Fossil Energy (FE)
convened a workshop in Pittsburgh, Pennsylvania, to refine the Vision 21
concept by eliciting stakeholder input. Some 150 government and industry
participants discussed the environmental challenges and integration issues
facing implementation of Vision 21, and the status of various enabling and
supporting technologies. Participants agreed that abroad range of plant types
and configurations would need to be employed, and that configurations
would be market- and site-specific. In the near term, the Vision 21 fuel of
choice in the U.S. would probably be natural gas or low-cost opportunity
fuels, but in the longer term, codl is likely to retain its stature as the market
reacts to increased natural gas prices stemming from rising demand.

ATTRIBUTES OF VIsION 21

Vison 21 integrates emerging concepts for high-efficiency power and
alternate fuels production, as well as pollution controls into a new class of
fue-flexible electricity generationfacilities. The strategy isto produce electric-
ity, aswell as high-value liquid fuels, chemicals, and process heat from coals
and other feedstocks. Discrete technology modules will offer future plant
designers the flexibility to choose their feedstocks, products, and envi-
ronmental controls. Thisflexibility isthe fundamental attribute of Vision 21,
and plants will not be limited to a single feedstock or a single product. Coal
will be asignificant focus of Vision 21 facilities. Other fuelswill play arole
including natural gas, biomass, disadvantaged fuels (e.g., petroleum coke and
other residues), and wastes. Vision 21 plants also will dramatically improve
efficiency leading to competitive costs, and will have minimal to no environ-
mental impacts.

Conventional pollutants (SO, and NO ) will be captured and either disposed
of or converted to marketable co-products. Carbon dioxide and other
greenhouse gases will be reduced by virtue of inherent ultra-high efficiencies.
Complementing Vision 21 technologies will be efforts aimed at capturing
CO, emissions and either sequestering or recycling CO, into useful products.

At the core of Vision 21 are five technology efforts. gas separation, fuel-
flexible gasification, fuel cell/turbine hybrids, high-performance combus-
tion, and innovative coal conversion systems. To realize system goals,
certain enabling technologies are required as well — more durable materials,
effective catalysts and sorbents, fine-tuned instrumentation, virtual (com-
puter simulated) plants, and low-cost CO, sequestration.

ADVANCED TURBINE DEVELOPMENTS

A key Vision 21 coretechnology isthe advanced turbine system (ATS). By
theyear 2001, DOE anticipatesthat gasturbine systemswill provide the most
efficient, environmentally beneficial, and cost-effective option available for
power generation and cogeneration. These attributes directly align with the

Vision 21 goals, and support the
option of fuel flexibility. DOE ex-
pects to use coal-derived synthesis
gas, natural gas, or renewable biom-
ass-based gas in advanced turbine
systems.

A gasturbineis a heat engine that
uses a high temperature, high pres-
suregasastheworking fluid. Part of
the heat supplied by the gasis con-
verted directly into the mechanical
work of driving the turbine blades.
Traditionally, hot gases are gener-
ated by burning a fuel in air, hence,
the term “combustion” turbines.
These already are commonplace in
jet aircraft and eectricity genera-
tion. In these “simple cycle’ gas
turbine systems, electricity isderived
only from the combustion turbine.
However, most utility applications
use combustion turbines in a com-
bined-cycle mode, whereby the
waste heat from the combustion tur-
bine is used to generate steam for
turbine electricity generation.

Combining the resources of gov-
ernment, turbinemanufacturers, sup-
pliers, and universities, an ATS
programwasinitiated in 1992 asthe
shared responsibility of FE and the
Office of Energy Efficiency and Re-
newable Energy’s (EE) Office of
Industrial Technologies(OIT). The
goal has been to enhance efficiency
and environmental and economic
performance of combustion turbines
at industrial and utility scale.

TheDOE program hasmarket appli-
cations in smple-cycle indudtria gas
turbines for distributed generation,
industrial and cogeneration markets,
and gas turbine combined-cycle sys-
tems for large, basdoad central-sta-
tion eectric power generation. DOE
expects to meet or exceed 60 percent
system efficiencies in the utility
market, and to increase efficien-
cies by 15 percent in the industrial

See“ ATS' onpage4 ...
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...ATS continued

market. Other goalsinclude: lessthan
8 ppm NO,, emissions, and 10 per-
cent lower cost of eectricity (rela
tive to current technology).

The ATS program includes funda-
mental research efforts in several
areas. Materids work includes ex-
tending single crystal casting capabil-
ity tothelargeutility-scalecombustion
turbine blades, and improving the
capabilities of thermal barrier coat-
ings needed for ever-increasing tur-
bineinlet temperatures. Combustion
research focuses on achieving opti-
mum combustion with natural gas
and maintaining effective combustion
with a variety of fuels and injectants
(eg., humid ar). Studies are dso
being conducted on pollutant forma:
tion, primarily NO , and waysto miti-
gate its formation, such as staging
combustionor usinginjectants. Ther-
modynamic cycle studies include
examination of advanced gas tur-
bine hybrid cycles, such as integra-
tion of gas turbines with fuel cells
(another Vision 21 coretechnology).

INDUSTRY AND UTILITY
ATS APPLICATIONS

The Industrial ATS Program, sup-
ported by FE, addresses develop-
ment of simple cycle gas turbinesin
capacitieslessthan 20 MW. Allison
Engine Company is developing a
“core” ATSturbine for applications
inthe5-15 MW range, with an over-
al efficiency of nearly 41 percent
(LHV). The approach isto raise the
turbine inlet temperature to 2,400 °F.

In addition, Solar Turbine, Incor-
porated, is developing a 5-MW tur-
bine using a modest 2,200°F inlet
temperature in conjunction with a
recuperator. The recuperator recov-
ersheat of combustion and returnsit
to the fuel and compressed air enter-
ing the combustion chamber. A
simple cycle efficiency of 43 per-
cent (LHV) is anticipated.

4

Intheareaof utility applica
tions, supported by EE'sOIT,
General Electric (GE) is one
of two manufacturers devel-
oping a system greater than
400 MW. The GE system,
MS7001H, is combined with
aconventional steam turbine
generator to generate efficien-
ciesof over 60 percent (LHV)
on natural gas. Nitrogen ox-
ides (NO,) emissions are reduced to
less than half (from 25 ppm to less
than 10 ppm) and electricity costs
are reduced by 10 percent. Since
higher temperatures are key to
boosting overal efficiency, GE has
focused on developing new materi-
alsandinnovativecooling techniques
that allow firing temperatures ap-
proaching 2,600°F. Full-scale, high
temperature testing of the GE sys-
tem is currently being conducted.

Siemens-Westinghouse aso is de-
veloping a400-MW system designed
to exceed 60 percent efficiency
(LHV), reduce NQO, to less than 10
ppm, and reduce electricity costs by
10 percent for a natural gas-fired
system. Inadditiontoloweringemis-
sions and reducing energy produc-
tion costs, Siemens-Westinghouse
is focusing on minimizing water us-
age and maintaining the system’s
reliability-avail ability-maintainabil-
ity (RAM) standard.

HiGH-TEMPERATURE
COMBUSTION

High temperatures and the associ-
ated NO, generation and materias
degradation issues are drawbacks to
advanced combustion and the newly
devel oping combustion turbines. Us-
ing the Low Emissions Combustion
Test and Research Fecility at the
Federal Energy Technology Center,
FE has taken the lead to evaluate
various temperatures and pressures
representative of combustion turbine
applications. The facility has been

The GE H Class ATSgasturbine

used to characterize operating and
emissions characteristics of a small
industrial lean premixed turbine.

MATERIALS ADVANCES

The ATS Program also boasts sig-
nificant accomplishments in scal-
ing up single-crystal turbine blade
cadting processes to ATS szes. Ad-
vanced single-crystal aloy develop-
ments are enabling the scale-up of
technologies used to produce high-
temperature blades and vanes for
aircraft engines. Other improve-
ments include reduced levels of sul-
fur and defects in large production
castings of these components, and
future emphasis is being placed on
the cost-effective and higher yield
manufacturing of these components.
Successful commercialization of
these new processes is critical to
achieving the cost of electricity goals
established for the ATS Program.
Currently, Howmet, Genera Elec-
tric, Siemens-Westinghouse, Solar
Turbines, and General Electric-PCC
Airfoils are participating in the new
casting projects under the advanced
aloys program.

In combination, these efforts have
produced significant improvements
in components and combined sys-
tems of the FE ATS Program. ATS
is just one technology required for
success of the Vision 21 concept.
Discussions of other Vision 21 tech-
nologies will be provided in future
issues of Clean Coal Today.
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R&D MILESTONES

In February, the U.S. DOE Office of Fossil Ener gy issued acall for proposalsto design an “Early Entrance
Coproduction Plant” to convert avariety of feedstocks — including coal — into multiple products at asingle
facility. The new plant isenvisioned asacornerstonefor an entirely new fleet of ultra-efficient, multi-purpose
energy facilitiesin FE's Vision 21 program. The co-production facility would first convert fuel to synthesis
gas, from which some combination of electricity, heat, fuels, and chemicals could be produced. The major
goa s of the Vision 21 program are to reach efficiencies of 85 percent, achieve near zero emissions, and lower
the costs of producing products such as coal-based liquids. Under the Early Entrance Coproduction Plant
solicitation, DOE expects to make multiple awards for a total of $20 million for design efforts. Private
participants would be expected to share at least 20 percent of costs.

DOE'’s Office of Fossil Energy and the the Department of Interior’s Office of Surface Mining
have signed a Memorandum of Understanding (MOU) for a 5-year partnership focusing on mining and
environmental issues. Two areas of particular interest will be cleanup and possible use of waste coa from
mining and coal preparation (an areain which FE has done extensive R& D) and acid mine drainage control/
river cleanup. Some other areas of cooperation could include new approaches to control mine fires, dispose
of coa combustion by-products, and restore the soil’ shydrological balance. Many of the projects are directly
supporting the Federal Energy Technology Center’s Regional Environmental & Sustainable Energy Partner-
ship, comprising West Virginia, Pennsylvania, Maryland, and Ohio.

A final report detailing the first three phases of a project for “Novel Fossil Fuel Combustion and Power
Generation Technologies for Enhanced CO,” was submitted in December 1998. The report was based on a
technology being developed by the CANMET Ener gy Technology Centre for reduced CO, emissions. The
technology features combustion of coal in an oxygen/CO, medium with flue gas recycling. Future work will
focus on adding pure oxygento the secondary air, species partitioning, and CO, separation. Thework isbeing
conducted as part of the International Energy Agency’s Greenhouse Gas |mplementing Agreement.

Under aUniversity Coa Research grant, the University of Washington has developed a method to clarify
the heavily contaminated water generated by coa washing facilities. Based on the application of electric
fields, rotating anodes attract unwanted mineral particles and colloidal coal within the water mixture. This
novel approach to water clarification could create a significant market for recovered coa from waste ponds.

Virginia Polytechnic Institute and State University has recently synthesized a novel catalyst using
bimetallic oxynitrides (V-Mo-O-N) in order to remove heteroatoms such as sulfur, nitrogen, and oxygen from
the products of co-processing coa, municipal solid waste, and petroleum. Simultaneous processing of coal
and other fossil-derived fuelswithftires, plastics, or waste oil would
be an attractive method for disposing of wastes, while at the same
time utilizing an important energy source.

The Federal Energy Technology Center’'s (FETC's) Coa
Combustion By-Products Utilization Program has developed a
homepage where external customers can obtain fact sheets on
individual projects, descriptions of in-house research, and summa-
riesof Federal and State regulations governing these by-products,
aswell as information on the newly formed Emission Control By-
Products Consortium. Accessto the homepageisthrough FETC's
website at http://www.fetc.doe.gov/products/power/enviro/cchy/.
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ROLE OF GASIFICATION FOR
THE 21ST CENTURY

I ET INSTITUTE OF The world's demand for energy is
GAS TECHNOLOGY

expected to double in the next 20-25

years. By most accounts, the primary
energy mix for the next century is expected to remain strongly dependent on
fossil fuels. With large worldwide coal reserves, coal will continue to play
amajor roleintheworld s energy mix for the foreseeable future, with the use
of coal for power generation and chemicals expected to continue to increase.
Therefore, it is very important that coa be used in a flexible, efficient,
environmentaly clean, and economic manner. The Institute of Gas Technol-
ogy (IGT) U-GAS gasification process is an advanced gasification technol-
ogy that can be used to meet such achallenge. Inaplantin Shanghai, China,
seven of the eight U-GA S gasification trains have been placed in service since
the plant began operation in 1994. These are the first commercial-scale U-
GAS gadifiers to be installed anywhere in the world.

TecHNoOLOGY DEVELOPMENT

The Institute of Gas Technology has been developing the U-GAS
technology to produce low- and medium-heating val ue synthesis gasfrom all
ranks of coal, oil shale, peat, biomass, and waste with support from the U.S.
Department of Energy (DOE), the American Gas Association, the Gas
Research Institute, and industry for 25 years. The U-GAS process uses a
smple single-stage, fluidized-bed gasifier where sized feed is gasified to
produce asynthesisgasrichin hydrogen and carbon monoxide and free of tars
and oils. Cold gasefficiency for the process ranges from 70-80 percent, with
98 percent carbon conversion.

The product gas can be used asanindustrial fuel, as has been donein China,
or as a chemica feedstock for the production of hydrogen, ammonia, and
methanol. It can also be used as afuel for advanced power systems such as
integrated gasification fuel cells or integrated gasification combined-cycle
power generation, or combinations of both.

CHINA SEEKS SOLUTIONS

China has vast coa reserves upon which it depends for the mgjority of its
energy and chemicalsproduction. China sMinistry of Coal Industry reported
that, in 1996, China produced and consumed about 1.37 billion metric tons of
coal. China'slarge coal consumption coupled with inefficient systems and
poor environmental controls resulted in severe impacts on the environment.
In 1995, China reported the following emissions: 3.0 billion t/a CO,, 23.7
million t/a SO,, 4 million t/aNQ,, and 28 million t/a particul ates.

Chinabegan to look for solutions to its environmental problems, and in the
early 1980s the trigeneration concept was proposed to streamline production
of town gas, chemicals, and electric power from coal with advanced
gasification technologies that will improve efficiency, reduce environmental
impacts, and lower cost. Based on their study, this concept can improve coal
conversion efficiency by 15 percent, thus reducing coal consumption by 15
percent, and at the sametime providing major reductionsin CO,, SO,,NO,, and
particulate emissions.

6

U-GAS IN CHINA

In 1984, Shanghai Coking and
Chemical Corporation (SC), alarge
coal-to-chemical company, was se-
lected by the central government of
China to undertake the TRIGEN
Project. The U-GAS process was
selected to provide fuel gas for an
existing battery of coke ovens, dou-
bling the coke-oven gas capacity in
the town gas system. Production
goals for the project included
1,700,000 nm?® per day of town gas
and 200,000 metric tons per year of
methanol in Phase 1. Phase 2 in-
cluded adding production of 20,000
metric tons per year of formic acid,
100,000 metric tons per year of ace-
tic anhydride, 50,000 metric tons per
year of cellulose acetate, and 7 MWe
of electric power.

IGT provided the process design
forthegasificationidand, and Shang-
hai Chemical Design Ingtitute per-
formed the detailed design and
construction for the entire U-GAS
plant. There are eight low-pressure
air-blown gasifiers, each capable of
processing 130 metric tons per day
and producing 500,000 nm? per day
of low-hesting value gas. Plant op-
eration began in 1994, and by theend
of 1998 the plant had logged over
50,000 hoursof operation, consumed
over 160,000 metric tons of cod, and
delivered 700 million nm? of fuel gas
to theend user. The longest continu-
ous operation time was 3,200 hours.

The plant has achieved cold gas
efficiencies of 71 percent, carbon
conversion of 96 percent, and a heat
production rate of 230 million Btu/
gasifier/day at aproduct gas heating
value of 126 Btu/scf. Both cold gas
efficiency and heat output rates are
about 90 percent of design, due pri-
marily to the excess loss of fines
throughout the plant. Carbon con-
version and product gasheating val-
ues both have exceeded the design.
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Substitution of the traditional coal
and coal briquette burning with
1,700,000 nm? per day of towngasfor
commercia and industrial use has
significantly reduced the pollution
dueto SO,, NO,, and particulatesfor
the city of Shanghai. It also has
helped reduce traffic congestion in
Shanghai due to the reduced trans-
portation of coal.

CURRENT AND FUTURE
APPLICATIONS

With the support of U.S. DOE
through the U.S.-China Energy, En-
vironmental and Technology Cen-
ter, IGT and SC are expanding the
application of U-GAS gasification
technology to include chemicals, fer-
tilizers, and power. The team is
performing a pre-feasibility study to
retrofit existing small tomediumsize
ammoniaplantsin China. Theuseof
U-GAS technology has the potential
to reduce the cost of ammonia pro-
ductionthereby becoming morecom-
petitivein the marketplace. Thiscan
be accomplished by the use of less
expensive coal closer to the plant,
more resource utilization by the use
of coal fines, and more efficient coal
utilization in terms of high conver-
sions and overal heat management.

Another gasification project where
IGT’s gasification technology will
beusedisthe Sanghi 60-MWelGCC

The Shanghai U-GAS Gasification plant, in operation since 1994

project in India In this project,
1,000 tons per day of Indian lignite
will begasified vial GCC to produce
efficient and clean power and steam
for a cement plant.

IGT is aso commercializing its
biomassand waste gasificationtech-
nology. A biomass-to-power project
in Minnesota is underway where
agri-wastefrom alfalfawill begas-
ified using IGT's RENUGAS pro-
cess to produce electricity. Inthis
co-production project, 1,200 tons
per day of alfalfa stem will be
gasified to produce 75 MWe of
electricity using the latest in IGCC
technology. Alfalfaisfirst processed
in a deleafing plant where afalfa
|eaves, avaluable animal feed mate-
rial, are separated from the stems.
The stems are dried and briquetted
before feeding into the IGCC plant.
Thisplant will integratetheadvanced
gasification system with hot gas
cleanup followed by combined-cycle
power generation. Plant design is
under way, and is scheduled to begin
operation by the year 2001. Upon
completion, this will be the largest
biomass | GCC power plant inworld.

Thegasificationindustry hascome
a long way from the early days of
manufacturing gas to produce town
gas for lighting, heating, and cook-
ing to the modern day of power gen-
erationandchemica production. The

advancesin new technologies have
kept pace with the demands on
efficiency, environment, and eco-
nomics. Severa gasification tech-
nologies have demonstrated the
potential to meet thesedemands. The
future for the technologies will de-
pend on market forces. The growing
economy, aging facilities, and the
need for more flexible, more effi-
cient, and cleaner technologies at
competitive costs are facts that will
expand the markets for gasification.
Gasification of fossil and renewable
resources will play a mgjor role in
satisfying the world's energy and
chemical needs well into the next
millennium.

This guest piece was submit-
ted by Mr. Francis S. Lau, Insti-
tute of Gas Technology (IGT).
The IGT isaClean Coal Tech-
nology Program Stakeholder,
and a non-profit, information
dissemination, and technology
development organization dedi-
cated to providing solutions to
energy and environmental issues
in the marketplace. For addi-
tiona information, contact IGT
at: 1700 S. Mount Prospect Road,
Des Plaines, IL 60018-1800;
e-mall: lau@igt.org or phone:
847-768-0592.
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INTERNATIONAL INITIATIVES g_f- 7, |
Mexico FBC OpTIONS ) ﬂ_,\

Representatives from the U.S. DOE Office of Fossil Energy (FE) participated
in the “International Seminar on Combustion Technologies for Clean Energy
Generation,” held in Mexico City in December 1998. Thisactivity waspart of the
U.S.-Mexican Bilateral Agreement for Energy Cooperation, under the Hemi-
sphere Energy Initiative's Clean Energy Working Group program. Mexican
sponsors included the National Commission on Energy Savings (CONAE) and
the Institute of Electric Research.

Animportant part of the seminar was FE' s presentation entitled “Fluidized Bed
Combustion (FBC) Repowering for Mexico,” which was delivered to more than
100 Mexican energy officials. Presently, 60-70 percent of Mexico's power is
Fromleft to right: Don Bonk, generated from fossil fuels, 80-90 percent of which comes from oil, with the rest
FETC's Product Manager for  generated from natural gas and two pulverized-coa plants that burn high ash
Combustion Systems; Maria (5094 ash) Mexican coal. A new coal plant being built will run onimported, low-
Reidpath, FETC's Western sulfur coal. Approximately 17 percent of Mexico’s power is generated by hydro
Hemisphere Regional and the remaining national demand is met by two 650-MW nuclear units,

Coordinator; Darren Mollot, . .
Program Manager, DOE Office supplemented by some geothermal, wind, and solar units.

of Power Systems; and Mark The presentation focused on four FBC repowering options for Mexico's aging
Williams, FETC's Product oil-fired power boilers. These optionsincluded replacement of existing unitswith
Manager for Fuel Cdlls atmospheric fluidized bed boilers, conversion of existing unitsinto fluidized bed
boilers using compact separator designs, and replacement of existing boilers with either first generation or second
generation (topped) pressurized fluidized bed combustion units. The fud flexibility of FBC was stressed.
Particular attention was devoted to petroleum coke in recognition of Mexico's globa position as a mgjor oil
producing nation. The audience asked anumber of questions concerning burning of petroleum coke in the United
States. Examples were provided from the NIBSCO 300-MW petroleum coke-fired plant in Lake Charles,
Louisiana. The NIBSCO plant is completing its sixth year of successful operation, which includes the sale of all
produced ash by-product for use in highway construction.

FE'sfinal technical presentation was on the Vision 21 program. Audience questions focused on the continuing
use of fossi| fuels, especially coal, into the next millennium. The Mexican audience was surprised to see that such
focused and careful attention is still being given to fossil-based power technologies. The FE presentor indicated
that, with the exception of nuclear, which is politically not an option in many countries, fossi| is the only viable
energy source to meet the bulk of the world's demand for power. The presentor stressed the need to develop and
deploy technologies that will alow use of fossi| fuels as cleanly and efficiently as possible.

On December 4, 1998, a followup meeting was held at the offices of Mexico’'s Secretariat of Energy, which
generated further questions about FBC operations. CONAE indicated that it would take the lead to promote future
FBC activities between FE and Mexico. Discussions on funding ajoint study to repower the older oil-fired power
plants in Mexico should begin in early this year.

MuLTi-FueL ReEBURNING HoLDs Promise FOR UKRAINE

U.S. and Ukrainian participants are expected to meet in April in Research Triangle Park, North Carolina to
discuss progress to date on an EPA and DOE-sponsored fuel reburning project in Ladyzhin, Ukraine. A multi-
fuel reburn system (capable of using natural gas, coal, heavy fuel oil, or combinations thereof) is being installed
to reduce NO, emissions from Unit 6, a 300-MW wet-bottom coal-fired boiler at Ladyzhin Power Station, 200
miles south of Kiev. Under an interagency agreement, funding is provided by EPA’s Environmental Technology
Initiative. Technical guidance for process design and operation are provided jointly by EPA’s National Risk
Management Research Laboratory and FE. Ladyzhin Power Station is owned by GAEK Zapadenergo.
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The project follows an earlier collaboration effort in 1992 (in which DOE did not participate) in which anatural
gasreburning systemwasinstalled at Unit 4. Thisoperation reduced NO, emissions by more than 50 percent. The
success of this early demonstration encouraged the Ladyzhin Power Station and the Ukrainian Power Ministry
to extend the application of this technology to other units. These units were needed to help meet pending
regulations that will place atax on al emissions. Fuel cost, availability, and distribution problems in Ladyzhin
made a multi-fuel approach desirable.

In the reburn method, 5-20 percent of total boiler fuel isinjected downstream of the main burnersto create afuel-
rich zone, followed by injection of burnout air, and can remove 50 percent or more of uncontrolled NO,_emissions.
The technology isvery promising for Ukraine and Russia, where 50 percent of all boilers are of aslagging or wet-
bottom design — for which conventiona low-NO, burners are not generally applicable.

Energy and Environmental Research Corporation of Irvine, Californiais supporting system design. Component
design, fabrication, and installation are being done by Ladyzhin Power Station staff. To date, the plant has
installed separate coal mills for supplying the reburn fuel and has conducted preliminary tests of the coal reburn
system. NO, reductions of 25-35 percent have been achieved compared to operation without injection of
reburning fuel, i.e., using only the overfire air ports component of the reburning system. During operation with
coal asthe reburning fuel, this performance trandates into total NO, reductions of 50 percent. Additional system
optimization is currently underway to improve the reburn coal feed rate and NO, reduction capacity.

FE OUTREACH IN SLOVAKIA

In November 1998, two FE representatives were invited to
chair panels and present papers at the conference “Trends in

I . 10, { Development in Mining and Power Production From the Point
Yy m,'m ey Of View of Future Applications of Clean Coa Technologies,”
%‘z con held in Kocise, Slovakia. The conference was hosted by the
g LLEAN. LCOAL Slovak Academy of Sciences Ingtitute of Geotechnics, with

Director Krupa and Deputy Director Turcaniova  broad sponsorship by themining and power industry in Slovakia.
(right to |eft) with speaker at Sovak Clean Coal FE, under aU.S. Department of State Science and Technology
Technology Conference in Kocise, Sovakia. grant, has collaborated with the Academy on research focusing
on the region’s high ash, high-arsenic coals, specifically the process of cleaning the coa using the concept of
triboelectrostatic charging. This process avoids expensive dewatering. Slovakian brown coal is currently used
for power generation in pulverized coal plants with few environmental controls and is also used extensively for
district heating and rural home stoves. Coal supplies are dwindling and expected to last for only another 20 years.

The conference, attended by some 75 key representatives from the academic, mining, power, district heating,
chemical, steel, and environmenta sectors in Central and Eastern Europe, addressed various technical issues
common to this area, particularly cost issues of environmental compliance and power production. Currently, 60
percent of Slovakia s power comes from older nuclear plants, 30 percent from coal plants, and 10 percent from
natural gas. Slovakiaisunder pressureto shut down the Chernobyl-type nuclear plants and must find replacement
capacity, or it will have to import electricity. There is hesitancy to become over dependent on natural gas, and
strong interest (including employment in the mining sector) in continuing to use indigenous coal supplieswhile they
last. In general, the country seeks a better balance between nuclear-, coal-, and natural gas-fired power plants.

Coal-fired plants in Slovakia are dowly being converted to circulating fluidized bed combustion boilers. A
definite market exists for cleaner coa technologies for district heating, small combined heat and power plants,
and for chemical raw materials. Conference participantswere most interested in the presentation on CCT projects,
particularly the Nucla and JEA atmospheric fluidized bed combustion projects, Pifion Pine IGCC, Liquid Phase
Methanol, and granulated coal injection as demonstrated by the Bethlehem Steel project, because these
technologies could have application throughout al of Central and Eastern Europe.

In al, Slovakia and other countries in the region have been keenly watching coal R&D advances, and seek
opportunities to deploy new technologies applicable to their reserves.
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FossiL ENERcY COMMITTED TO
INTERNATIONAL ENERGY AGENCY GOALS

The DOE Office of Fossil Energy (FE) has been a strong supporter of
International Energy Agency (IEA) goassincethe |EA wasestablished inthe
early 1970s. FE participatesin IEA committees, advisory boards, and severa
important implementing agreements. ThelEA, based in Paris, wasformed by
the 23 member countries of the Organization for Economic Cooperation and
Development (OECD) after the oil shortage of 1973-74, as a response to
energy security concerns.

FE plays an important role in IEA’s technology innovation activities.
Development and widespread deployment of safer, more efficient technolo-
gies is necessary for energy security, environmenta protection, and eco-
nomic growth. International collaboration fostered by IEA affecting
investments in fossil energy technology research, development, and demon-
stration avoids duplication of effort, cuts costs, and speeds progress.

FE is akey participant in the Working Party on Fossil Fuels (WPFF), an
advisory body to the IEA Committee on Energy Research and Technology.
FE aso participates in two major |EA Implementing Agreements: IEA Coa
Research-The Clean Coal Center, and the Greenhouse GasR& D Programme.
Other implementing agreementswith FE participation arein the areaof multi-
phase flow to gain understanding in the transport of solid-liquid mixture such
as coal durries; coa combustion science, including modeling activities and
high-temperature phenomena; and gas technology information and enhanced
oil recovery.

IEA CoaL ReseARcCH-THE CLEAN CoaL CENTER

The Clean Coal Center, based in London, UK, was established in 1975 and
is a collaborative project currently involving 13 countries and the European
Commission. Itsobjectiveisto enhance innovation and the devel opment of
coal as a clean source of energy by gathering, assessing, and disseminating
information on efficient coal supply and use.

The Center produces reports covering coa use and analyss; the environ-
ment; and supply, transport, and markets. In the last six months, the Clean
Coal Center has published reports dealing with effluents from coal-fired
power stations, fine particulate emissions from coa-fired power plants, and
air pollution control and coal-fired power generation in India. Other pub-
lished reports covered coa supply, demand, and related issues in Bulgaria,
Czech Republic, and South Korea. Among the topics to be covered in future
reports are trends in coal-fired power generation in non-OECD countries,
advanced materials for coal-fired plants, and opportunities for coal prepa-
ration to lower emissions. Clean Coal Center reports are publicly available
through their world wide web home page (www.iea-coal.org.uk).

The Center also maintains major databases of coal related information that
are accessible through the home page. This year, a series of interlinked
databases will cover clean coal technologies, clean coal demonstration
plants, the world's coal-fired power stations and their units, environmental
abatement and control systems, emission standards, and the names and
addresses of utilities and companies active in clean coa technologies.
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IEA GREeENHOUSE GAS
R&D PrOGRAMME

Another key Implementing Agree-
ment involving FE participationisthe
Greenhouse Gas R&D Programme,
started in 1991 and based in
Cheltenham, UK. The Programme
aims to: evauate technologies for
reducing emissions of greenhouse
gases from fossil fuel use; dissemi-
nate information; prepare research,
development, and demonstration so-
licitations, and, where appropriate,
conduct R& D projects. Programme
activities initially focused on the
capture and disposal of CO, from
power stations, and havesincebroad-
ened to explore arange of opportu-
nitiesfor countriesand the European
Commission, as well as private in-
dustry participating in this Imple-
menting Agreement, to reduce
emissions of greenhouse gases.

Joint research currently underway
includes studies of geological and
ocean sequestration of CO, A re-
sult of this research was the recent
report, Enhanced Coal Bed Meth-
ane Recovery Using CO, Injection:
Worldwide Resource and CO, Se-
questration Potential. This report
provided anoverall estimateof CO,
sequestration costs in unmineable
coa seamsand aranking of basins by
their potential for this gpplication.

TheProgramme's informationdis-
semination component includes a
regular newdletter (Greenhouse Is-
sues), published reports, interna-
tional conferences, and a home page
(www.ieagreen.org.uk). Work un-
der the Agreement has helped dem-
onstratetheopportunity for continued
use of fossil fuels, even under sce-
narios involving deep reductions in
emissions of greenhouse gases.
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...Project News Bytes continued
g The Alaska Industrial Devel-
opment and Export Authority’s
Healy Clean Coal Project in cen-
tral Alaska successfully completed
itsfirst year of demonstration opera-
tions in December 1998. Following
an aggressive start-up and testing
programthat began withthefirst test
firing of the combustors on coal in
January 1998, results from initial
environmental compliance testing
performed in June 1998 found that
nitrogen oxide emissons — a pol-
[utant known to contribute to smog
and acid rain — werelimited to only
0.26 pounds per million Btus of
run-of-mine coa burned, nearly

s
b

™ v

The Seventh Clean Coal Technol-
ogy Conference will focus on the abil-
ity of clean coal technologiestoensure
continued use of coa as an essentiad
component of the United States and
globa energy supplies and meet in-
creasing environmental demands.

A sitetour will betakentotheLiquid
Phase Methanol Project, hosted by
Air Products Liquid Phase Conver-
sion Company, L.P.

Accomodationsand Reser vations:
Call the Hyatt Regency Knoxuville,
(800) 233-1234.

Additional Information: Contact
Faith Cline at (202)-586-7920 (phone),
(202) 586-8488 (fax), or check web
site (http://www.fe.doe.gov).

—Mark Your Calendar—

June 21-24, 1999
Knoxville, Tennessee

25 percent lower than the permit
limit of 0.35 poundsper million Btus.
Emissions of sulfur dioxide were
also lower than permit allowances,
0.01 pounds per million Btus com-
paredtothepermitlimitof 0.10 pounds
per million Btus on low-sulfur, run-
of-mine coa burned. Since comple-
tion of the initial environmental
compliance testing, demonstration
operations have focused on blending
the run-of-mine cod with up to 65
percent waste coal. By theend of its
first year of demonstration opera-
tions, theplant had logged over 4,900
hours of operation and converted
156,000tonsof Alaskan run-of-mine
and waste coals into 231 gigawatts

(gross) of dectricity for Alaskan con-
sumers. The average capacity factor
for the year including coa start-up
and testing was 44 percent.

7 In December 1998, members of
the State Development and Planning
Commission of the People's Repub-
lic of China, together with FE repre-
sentatives, visitedtheWabash River
Coal Gasification Repowering
ProjectinIndiana. A seriesof meet-
ings and visits have taken place sub-
sequent to the U.S.-China Energy
and Environment Cooperation Initia-
tive Sgned by Presdent Clinton and
President Jiang in 1997. This par-
ticular group was part of the Oil and
GasForum, anew Initiative activity.

Bed Combustion
Location: Savannah, Georgia

UrcoMING EVENTS
May 16-19, 1999 — 15th I nternational Conference on Fluidized

Co-Sponsors: DOE/FETC and ASME

Contact: Conference Services (412) 892-4763; (800) 441-9927
(outside Pennsylvania); (800) 441-0875 (inside Pennsylvania)

May 25-27, 1999 — Prospects for Cleaner Fossil Fuels Systems
in Sustainable Development: Communicating their Strategic
Valuein the Euro-Asian Region
Location: Ankara, Turkey
Co-Sponsors: USEA, World Energy Council, Turkish National
Committee, U.S. DOE
Contact: Ritchie Williamson
Phone: (202) 331-0415
Fax: (202) 331-0418

June 21-24, 1999 — Seventh Clean Coal Technology Conference
Location: Knoxville, TN
Co-Sponsors. DOE, CEED, CIBO, EPRI, NMA
Contact: Faith Cline
Phone: (202) 586-7920
Fax: (202) 586-8488

September 13-17, 1999 — Thirteenth U.S.-Korea Joint Workshop

on Energy and Environment

Location: Reno, NV

Co-Sponsors: DOE, Korea Institute of Energy Research
Contact: Dr. Sun Chun

Phone: (412) 892-6007

Fax: (412) 892-5917

11
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GeoLocicAL CO,, SEQUESTRATION
TO BeNEFIT CoAL’S FUTURE

BACKGROUND

Emissions of industrial greenhouse gases have increased the total load of
carbon in the atmosphere, and athough long-term consequences of these
emissions are hotly debated, one projected outcome is the alteration of global
climate as greenhouse gases trap heat at the earth’s surface. One possible
method of reducing carbon added to the atmosphere is to sequester the
industrial greenhouse gases, such as carbon dioxide (CO,), in various sinks
such as the ocean, aquifers, or underground reservoirs. Sequestration
represents along-term R& D approach that, if successfully developed, could
offer anew option for dealing with greenhouse gases, most likely in the post-
2015 time frame. It may take 15-20 years for the type of sequestration
concepts envisioned by the U.S. Department of Energy (DOE) to move from
thedrawing board to widespread commercial use. However, enough isknown
today to provide optimism that the long-term potential for sequestration will
greatly reduce CO, emissions. Sequestration may be key to keeping energy
prices as low as possible for consumers and maintaining profitability and
long-term survival of the fossil fuel (particularly coa) industry, while
improving environmental and climate conditions.

Sequestration of CO, in geological formations builds on related experience
gained over nearly a century of oil and a gas production, groundwater
resource management, and more recently, natural gas storage. In some cases,
sequestration may even be accompanied by economic benefits such as
enhanced oil recovery, enhanced methane production from coabeds, en-
hanced production of natural gas from depleted fields, and improved natural
gas storage efficiency through the use of CO, as a cushion gas.

The main obstacle to underground disposa of CO, from fossil fuel-fired
power plants is cost, most of which isincurred by the necessity to separate
CO, from, or concentrateit in, thefluegas. Thiscost isexpectedto vary widely,
depending on the type of power plant and separation technology considered
current. Estimated costs of $40-50 per ton of CO, collected and sequestered
would increase electricity generation cost by about 2 cents’kWh, 40 percent
above current levels, but research in this area is expected to result in a
significant decrease in these costs.

DOE’s RoLe

DOE's Office of Fossil Energy last year awarded 12 Novel Concepts
contracts to develop greenhouse gas mitigation technologies, three of which
arefor geological sequestration. Building on this action, DOE has proposed
short-term milestones for several key carbon sequestration R&D elements,
including: initiating pilot-scale test geologic sequestration in 2000; adopting
oil and gas reservoir models to coal seams and saline reservoirs by 2001;
developing revolutionary CO, capture technologies by mid-2001; and com-
pleting the Novel Concepts awards by 2003.

Field testing already is under way on several coa seam CO, sequestration
projects. One project, supported jointly by DOE, the Alberta Research
Council, Environment Canada, and a number of industry partners, isbuilding

12

on the synergy between natura gas
production from coalbeds and se-
questration of CO, inthese coal beds.
This involves testing the process of
injecting CO, into Alberta svast deep
unminable coalbeds, where the gas
is adsorbed by the coa and stored,
while at the same time displacing the
trapped methane. With the abun-
dance of deep coalbeds in the U.S.
and Canada, geological storage of
CQO, in these coas would be appli-
cable to many of the areas where
coal-burning power plants are lo-
cated. Elsewhere, CO, sequestra-
tionisalready taking placeat Sleipner
Vest off the coast of Norway, where
approximately one million metric
tonsof CO, are sequestered annually
as part of an off-shore natural gas
production project.

GeoLocic OPPORTUNITIES

The preferred underground stor-
ageconcept istoinject CO, viawells
into deep reservoir rocks, which then
are capped by very low permesbility
seals such as shales or claystones.
Much of the CO, will be stored in a
freestate or dissolvedinwater within
reservoirs. Advantages of under-
ground disposal include retention of
the CO, for long periods. Potential
effects of leaks from storage reser-
voirs may have to be assessed on a
site-specificbasis. Ataminimum, it
may be possible to store CO, for
severad hundred years, with confi-
dencethat mogt of it will stay in place.
Work is planned under the IEA
Greenhouse Gas R&D Programme
to monitor this commercial project.

Deep unminable coalbeds, active
and depleted oil and gas reservoirs,
and deep saline formations are the
most attractive approaches for geo-
logical sequestration. As of mid-
1998, about 60 million m®day of
pure CO, were being injected at 67
commercial enhanced oil recovery
(EOR) projects, mostly in west
Texas. EOR from CO, flooding
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totals about 24,000 tons/day
(180,000 barrelg/day). Other geologic
formations, such asmarineand arctic
hydrates, CO, reservoirs, and mined
cavities in salt domes and oil-shale,
may increase sequestration capacity
or provide sSite-specific opportuni-
ties, but are likely to be developed
only after the other targets are ex-
plored. One or more of these forma-
tionsisfound within 500 km of every
fossil fuel-burning power plant lo-
cated in the United States.

The range and uncertainty in esti-
mates of geologica CO, storage po-
tential are large (see table, above).
For the near term there is sufficient
capacity, diversity, and broad geo-
graphic distribution to confidently
pursue geologic sequestration as a
potential solution to the greenhouse
gas dilemma.

OiL AND GAS RESERVOIRS

Oil and gas reservoirs usualy oc-
cur under structural or stratigraphic
traps. Since the oil and gas origi-
nally accumulated in these traps did
not escape over time, these reser-
voirs should aso securely contain
the CO,. Furthermore, the geologic
structure and physical properties of
most oil and gas fields usualy have
been extensively characterized.
Computer models have been devel-
oped to predict displacement behav-
ior andtrapping of CO, for enhanced
oil recovery.

Deep SALINE RESERVOIRS

Salineformationsarethemost com-
mon underground fluid reservoir.
Deep saline reservoirs may be the
best long-term underground storage
option for CO, sequestration, with
potential capacity estimated at 5-
500 hillion metric tons, compared to
annual U.S. power plant emissions
of about 1.7 billion metric tons.
About 65 percent of the CO, cap-
tured from U.S. power plants could

be injected successfully into deep
reservoirs without the need for long
pipelines because the potential host
reservoirsarelocated near the plants.

The distinction between seques-
tration of CO, in sdline reservoirs
and in oil and gas reservoirs is that
oil and gasreservoirsoccur by virtue
of the presence of a structura or
stratigraphic trap. Also, injection of
CO, into asdlinereservoir formation
is unlikely to be accompanied by
removal of water from the forma-
tion, which may lead to an increase
in formation pressure over time.

CoaL SEam FORMATIONS

Inthe United States, estimated coal
resources to a depth of 6,000 feet
total nearly six trillion tons. Some
90 percent of thisamount is consid-
ered economicaly unminable with
current technology as either too thin,
too deep, or unsafe. These unavail-
able coal deposits represent a
widely dispersed potential option
for CO, storage, with many of the
coals potentially producing methane
for commercial use.

For the past 25 years, DOE and its
predecessor agencies have been fa
cilitating the evolving recognition
and development of coalbed meth-
aneresources and technologies. The
concept of using injected CO, to

enhance coalbed methane produc-
tion is already being field-tested by
industry. Much of the data gath-
ered fromthesetestsisproprietary;
however, unpublished information
supports the retention of the CO,
in coalbeds. Since 1996, Burlington
Resources,amg or producer of coa bed
methane, has conducted acommercid
pilot test for CO, injection to enhance
coalbed methane recovery. Asaspin-
off, thepilot sequesters CO, aspart of
its routine operation. Burlington’s
pilot is located within the northern
San Juan basin, in New Mexico,
which is the most successful coalbed
methane development in the world
(see graphic below).

LeakAGE CONSIDERATIONS

A final concern about sequestra-
tion in geological formations is the
definition of an acceptable leakage
rate from the target formation to
overlying strata. Insome cases, lesk-
agefromthestratainwhichthe CO, is
placed into overlying geologic strata
actually increases the opportunity
for enhanced storage capacity. How-
ever, the potential long-term leakage
rate into the atmosphere is an un-
known factor. Therefore, evaluating
general and Ste-specific acceptable
leakage rates must be part of along-
term strategy for CO, sequestration
in geologic formations.

#112
Production Well

#1142
Gﬂalnjectnr

#114
Froduction Well
0004

Source: Advanced Resources | nternational

Cross sectional view of Burlington’s Allison Unit
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Status oF AcTivE CCT DEMONSTRATION PROJECTS

ENVIRONMENTAL

CoNTROL DEVICES

Southern Company Services, Inc. — Dem-
onstration of Advanced Combustion Tech-
niques for a Wall-Fired Boiler. Long-term
testing of the advanced overfire air (AOFA),
low-NO, burners (LNB) and combined
LNB+AOFA systems are complete. Fina
testing of GNOCIS is complete. A Draft
Final Report for Phase 4 has been approved.
(Coosa, GA)

New York StateElectric & Gas — Milliken
Clean Coal Technology Demonstration
Project. All testing has been completed. The
Draft Final Report has been reviewed, and
the Fina Report should be published by the
end of the first quarter of 1999. The project
was a complete success. All demonstration
goas were met or exceeded. The unit is
currently in operation and is scheduled to
stay in operation as part of the plant's com-
pliance strategy. (Lansing, NY)

New York State Electric & Gas—Micron-
ized Coal Reburning Demonstration for NO,
Control. All testing has been completed at
the Kodak site in Rochester, New Y ork. The
goals and objectives for the Kodak site have
been met or exceeded. The system is in
operation and will remainin operation, allow-
ing Kodak to effectively reduce NO, in accor-
dance with their agreement with the State
of New York. Testing at the Milliken site
is still ongoing. Final testing is scheduled
to be completed by the end of March
1999. The final report should be published
by late summer of 1999. (Lansing, NY and
Rochester, NY)

NOXSO Cor poration — Commercial dem-
onstration of the NOXSO SO, /NO, Removal
Flue Gas Cleanup System. Projectison hold
pending results of bankruptcy proceedings.

ADVANCED ELECTRIC

PowEeRr GENERATION

City of Lakeland, Department of Water
& Electric Utilities — McIntosh Unit 4A
PCFB Demonstration Project and Mclntosh
Unit 4B Topped PCFB Demonstration
Project. Projects have been restructured and
rested to Lakeland, Florida The City of
Lakeland continues to negotiate with Foster
Wheeler on the turnkey contract. A public
scoping meeting on the environmental im-
pact statement is planned for the near future.
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DOE will usethismeeting to hear thepublic’'s
environmental concerns. DOE will address
these concerns in the Environmental Impact
Statement for this project. (Lakeland, FL)

JEA (formerly York County Energy Part-
ners) — ACFB Demonstration Project. On
September 29, 1997, DOE signed an agree-
ment with JEA to cost-share refurbishment
of thefirst (Unit 2) of two units at Northside
Generating Station. Construction is planned
to begin in October 1999, with operation
in early 2002, followed by two years of
operations. Activities are underway to draft
an Environmental Impact Statement. (Jack-
sonville, FL)

Clean Energy Partners, LP — Clean En-
ergy Demonstration Project. The Clean
Energy Partners (CEP) and AMEREN Hold-
ing Company have selected the Grand Tower
Power Plant near Carbondale, Illinois for
repowering with an integrated gasification
combined cycle technology. The Clean En-
ergy Project will demonstrate scale up of the
British Gas/Lurgi (BG/L) slagging, fixed-
bed, oxygen blown gasification technol-
ogy. Theprojectwill asoincludeal.25-MWe
molten carbonate fuel cell (MCFC) provided
by the Energy Research Corporation. The
coal gas produced by the BG/L gasifiers
will be used to fuel both the gas turbines
and the MCFC. Activities are underway
to begin the NEPA process. (Grand Tower,
IL).

Sierra Pacific Power Co. — Pifion Pine
IGCC Power Project. Thisproject continues
to make progress achieving integrated opera
tion of dl syssems. Some earlier problems
(related to measuring solids levels) in the
fines handling system have been resolved;
however, other non-gasifier problems, such
as fines bridging in vessels, have occurred
that prevent feeding coa for more than 6-8
hours continuously. The gasifier continues
to operate smoothly through numerous
startup-turndown cycles, with reproducible
production of specification-quality syngas.
Sierra continues to operate the plant nor-
mally inthegascombined cyclemode. (Reno,
NV)

Tampa Electric Co. - Tampa Electric Inte-
grated Gasification Combined-CycleProject.
Tampa's Polk Power Station has completed
two years of successful commercia opera
tion. As of the end of the fourth quarter of
1998, the unit has achieved an over 70%
gasifier on-stream factor, the gasifier has
operated 10,301 hours, and the combustion

turbine has operated 9,168 hours, producing
over 2,944,278 MWh. The gasifier and
combustion turbine set continuous operating
records of over 49 and 51 days respectively.
(Mulberry FL)

Wabash River Joint Venture — Wabash
River Coal Gasification Repowering Project.
The Project has demonstrated very impres-
sive operating statistics for 1998 and is con-
sidered a success story for DOE. Initsthird
year of commercid operation, the plant con-
tinues to demonstrate IGCC's ability to op-
erate as part of an electric utility power grid.
The syngas facility operated for 5,281 hours
in 1998, processing over 560,000 tons of
coal and producing over 8.8 trillion Btu's of
syngas. The syngas facility contract ca-
pacity was about 68 percent for the year,
with an availability of over 72 percent.
Some of the initial technical difficulties
with the first commercia application of sev-
eral novel technologies have been resolved.
Since beginning commercial operation in
December 1995, the facility has operated on
coal for over 10,000 hours and processed
more than one million tons of coal. (West
Terre Haute, IN)

Alaska Industrial Development and Ex-
port Authority — Healy Clean Coal Project.
In December 1998, the Healy Clean Coa
Project successfully completed itsfirst year
of demonstration operations. Slag buildup
problemsthat were experienced inthe plant’s
precombustors when feeding high blends
of run-of-mine and waste coa were greatly
reduced by air flow modifications, lime-
stone fluxing, and cod pile management.
Precombustor dag buildup has not caused
any unplanned outages since August 1998.
Emissions from the plant when operating at
full load or 62 MWe (gross) continued to be
within permit levels. Following the plant’s
annual maintenance outage, demonstration
operations resumed on January 18, 1999.
(Hedly, AK)

Arthur D. Little, Inc. — Coal-Fueled Diesdl
Engine Demonstration Project. The 18-
cylinder diesel arrived in Fairbanks on Janu-
ary 30, 1999. Off-loading the engine from
therailcar was delayed nearly three weeks
due to the extremely cold (-50 °F) tempera-
tures. The engine was successfully moved
into the facilities building by the end of
February. The delay is not expected to
impact the start of the coal-fuel diesel dem-
onstration. (Fairbanks, AK)
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CoAL PROCESSING

FOR CLEAN FUELS

Custom CoalsInternational — Self Scrub-
bing Coal™: An Integrated Approach to
Clean Air. In September, the Federal Bank-
ruptcy Court held a hearing on conditions
necessary to close the sdle between Custom
Coals Laurel and Tanoma Energy. Tanoma
and the Pennsylvania Department of Envi-
ronmental Protection were unable to reach
agreement on important issues, and Custom
Coals' plan for reorganization was deter-
mined to be void. In September, an applica-
tion to retain Hunyady Auction Company as
auctioner to auction off portions of the Cus-
tom Coals Laurel facility was filed with the
Federal Bankruptcy Court. The auction took
place in December. C.J. Betters Enterprises
of Monaca, Pennsylvania purchased the fa-
cility in place for $3 million dollars and has
approached DOE about continuation of the
project. (Central City, PA; Martin Creek,
PA; Richmond, IN; Ashtabula, OH)

Rosebud SynCoal® Par tner ship—Advanced
Coal Conversion Process (ACCP) Demon-
stration. The Rosebud SynCoal® Projectin
Colstrip, Montana has processed nearly 1.9
million tons of raw subbituminous coal.
Over 1.3 million tons of SynCoa® has been
supplied to customers, including industries
(primarily cement and lime plants) and utili-
ties. Rosebud SynCoa® Partnership has
constructed a Pneumatic SynCoal® Fuel
Project at Montana Power’s Colstrip power
plant. The project injects SynCoal® directly
into three of the five pulverizers that feed
coal into Unit No. 2 of the power plant. The
system will enable the advanced Coa Con-
verson Process (ACCP) facility to operate
full time as Unit No. 2 will take delivery of
SynCod® on a steady basis and will take
excess capacity produced. (Colstrip, MT)

Air Products Liquid Phase Conversion
Company, L.P. — Liquid Phase Methanol
Process Demonstration Project. The Liquid
Phase M ethanol (LPMEOH™) ProcessDem-
onstration Facility continues to experience
stable operation on coal-derived synthesis
gas. The reactor is being operated at a
temperature of 235 °C, somewhat lower than
the design temperature 250 °C. Fresh cata
lyst additions made to the reactor have in-
creased the catalyst loading to over 151
percent of design without indications of mass
transfer limitations. The rate of decline in
catalyst activity continues to either meet or

exceed the design target of 0.4 percent per
day. Since being restarted with fresh cata-
lyst in December 1997, the demonstration
facility has operated at greater than 99
percent availability. The LPMEOH™ Pro-
cess Demongtration Facility has produced
over 34 million gallons of methanol sinceits
startup in April 1997, al of which was ac-
cepted by Eastman Chemical Company for
use in downstream chemical processes. Fol-
lowing a maintenance outage in early March,
demonstration facility operations resumed
on March 4, 1999. (Kingsport, TN)

INDUSTRIAL APPLICATIONS

Bethlehem Steel Corporation — Blast Fur-
nace Granulated Coal Injection System
Project. The Western coal trials have been
completed using Colorado Oxbow high vola-
tile granular and pulverized coal. Tests
clearly demonstrated that granular coal can
be used in a large blast furnace with good
results. In addition, the furnace operation
shows that low volatile coa replaces more
coke than does lower-carbon-content, high
volatile coa. The high volatile cod required
31.4 kWh/ton to pulverize during this trial
and only 19.6 kWh/ton to granulate. Provid-
ing granulated coal reducesthe cost of power
for size reduction by 40 percent. (Burns
Harbor, IN)

CPICOR™ Management Company,
L.L.C.—CleanPower FromIntegrated Coal/
Ore Reduction. CPICOR™ continues the
design activities for a nominal 3,000 metric
ton-per-day liquid metal direct iron reduc-
tion project using the HIsmelt® Process.
TheCPICOR Management Company (CMC)
has identified a preferred location for the
direct iron reduction portion of the demon-
stration project within the Geneva Steel
Company’s plant in Vineyard, Utah. Using
this footprint, CMC has provided a draft
environmental information volume to DOE
which is proving helpful for inititiating the
NEPA process. CMC team members are
also designing the power production end
of the project which will be physically
separated from the iron production section.
(Vineyard, UT)
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